A subspecies of the Brown Shrike, Lanius cristatus superciliosus, has undergone a severe decline in Hokkaido for the past three decades. I studied the reproductive performance and nestling growth during the breeding seasons in Hokkaido. I examined 41 active nests during 1992-1996. The mean nesting success was 53.7%. The mean clutch size was 5.3, and the mean number of eggs hatched per nest was 5.1. The mean number of fledglings per successful nest was 4.4, and the mean fledging success per successful nest was 90.3%. The main cause of nesting failure was depredation by unknown predators. The frequency of parasitization by Cuckoos, Cuculus canorus, was very low, and Brown Shrikes either removed the cuckoo egg or deserted their nest containing one Cuckoo egg. The gains of body mass and tarsus length for 75 nestlings from 15 nests (a total of 273 nestlings) were fitted to Ricklefs's logistic regression curves from the hatching day to 11 days after hatching. The asymptotic mass (g), growth rate, and age (days) at the inflection point were 27.1, 0.4, and 5.7, respectively. The asymptotic tarsus length (mm), growth rate, and age (days) at the inflection point were 24.9, 0.3, and 4.4, respectively.
Introduction
The Brown Shrike, Lanius cristatus, is an eastern Palearctic species which is widely distributed in Central and Northeast Asia during the breeding season (Lefranc & Worfolk 1997 , Harris & Franklin 2000 . Four geographical races are distinguishable by clinical assessment of the size and the colour on the upperparts (Lefranc & Worfolk 1997 , Harris & Franklin 2000 . One of the races, the subspecies superciliosus, mainly breeds in Hokkaido and Honshu (OSJ 2000) . Another subspecies, lucionensis, breeds in Kyushu (OSJ 2000) , and has recently started breeding in the Ryukyus (Takehara unpublished data).
Many shrike populations are in decline in every corner of the world (e. g. Yosef 1994 , Yosef & Loher 1995 , Holan 1998 , Kristin 1998 , Stastny et al. 1998 ). The Brown Shrike subspecies superciliosus is no exception to this trend. The subspecies has undergone a rapid decline in numbers for the past three decades in Hokkaido, Japan (Haas & Ogawa 1995 , Takagi 2002b , while in Nobeyama in central Japan, the number of breeding pairs decreased steadily during 1993 -1997 and then dropped suddenly in 1998 (Imanishi 2002 .
It has been indicated that the main causes of the decline are urbanization and modern agricultural practices (Haas & Ogawa 1995, Ogawa unpublished data) , and the destruction of native breeding habitats in relation to industrialization (Takagi 2002b and grassland with small patches of shrubs (see also Takagi & Abe 1996) . Since Brown Shrikes substantially nest in shrubs on grassland (Takagi 2002b) , the core study area was restricted to the grassland.
Nest searching began in the middle of May. Nests were basically monitored from one day to six days until the nestlings were depredated, or to when the nestlings were 13 days old. I checked the clutch size, the number of hatchlings, and the number of fledglings.
When the clutch initiation dates were not determined, the dates were estimated by back-dating from each hatching date, by assuming one egg laid per day and a 13-day incubation period, which I obtained in this study. Since there is the possibility that researchers cause nestlings to leave their nests when the nests were checked after the nestlings were 13 days old, nestlings that were at least 12 days old were regarded to have fledged.
The incubation period was defined as the duration from the day after the last egg was laid in a clutch to the day before hatching day. If all the eggs or all the nestlings disappeared from a nest, I assumed that a predator had attacked the nest, as shown for the Bull-headed Shrikes (Takagi & Abe 1996) . The length and breadth (maximum diameter) of each egg were measured with a digital caliper to the nearest 0.01mm. The volume of each egg was calculated by Volume=0.51LB2, where L is the length and B is the breadth (Hoyt 1979 the total number of pairs).
The body mass of the nestlings was weighed with a digital balance to the nearest 0.1-0.5 g between 12:00-13:00 on an arbitrary date, and at the same time, the tarsus length
was measured with a caliper to the nearest 0.05 mm. When the nestlings were not enough large to attach a ring, they were individually marked on the toes with a felt-tipped pen, and after that, the larger nestlings were banded with an aluminium ring and colour rings.
Nests were not visited during inclement weather.
The mass gain and growth of the tarsus length in the nestlings were fitted to a logistic growth model for nestlings (Ricklefs 1968): where Wt is the nestling mass (g) or tarsus length (mm) at age t (days), A is the asymptotic value, t0 is the age (days) at the inflection point of the curve, and K is the growth rate constant (days-1).
All the measurements of mass or tarsus length in each
year were pooled to develop the mean growth curves. Model fits were assessed by plotting residuals against day and by inspecting the plots for evidence of bias (systematic over-or under-prediction found among the five seasons (Kruskal-Wallis H=8.9, P=0.09, Table 1 ). The clutch size ranged from 4-6 eggs, and the mean clutch size in the five breeding seasons was 5.3 eggs (Table 1) . A six-egg clutch was the largest clutch size, and this was also the most frequent clutch size (52%, Fig. 1 ). Annual differences in the clutch sizes were not significant (Kruskal-Wallis H=8.3, P=0.08, Table 1 ). The mean hatching success ranged from I obtained data from 75 nestlings from 15 nests (a total of 273 nestlings) from the hatching day to 11 days after hatching.
In the growth curve of body mass, the asymptotic value, growth rate, and age (days) at the inflection point were 27.1, 0.4, and 5.7, respectively (Fig. 2) . In the growth curve of tarsus length, the asymptotic value, growth rate, and age (days) at the inflection point were 24.9, 0.3, and 4.4, respectively (Fig. 3 ).
Discussion

Reproductive performance
The nesting success in Brown Shrikes declined annually in this study area, but the nesting success in the sympatric Bull-headed Shrikes did not change largely in 1994 -1996 (29% in 1994 , 33% in 1995 , 26% in 1996 . As the habitat requirements for Bull-headed Shrikes are less strict than those for Brown Shrikes (Takagi in press), it is inferred with regard to the decline in suitable habitats that the viability of the breeding population of Brown Shrikes is more decreased than that of the Bull-headed Shrikes (Takagi in press). In the future, monitoring of the breeding performance and changes in the habitats is important for shrikes in order to evaluate the habitat quality.
The fact that the nesting success in Brown Shrikes in 1992-1995 was higher than in the sympatric Bull-headed Shrikes results from both the interspecific differences in the timing of breeding and the capability to distinguish cuckoo eggs from their own eggs. The earliest breeders of the Bull-headed Shrikes start laying eggs in the middle of April, and the latest breeders lay eggs in early to mid July (Takagi 2001 Shrikes is about three months, that of Brown Shrikes was less than two months. It is interesting that Brown Shrikes are more apt to desert their eggs, regardless of their shorter breeding period, than Bull-headed Shrikes.
Number of Breeding Attempts in a Season
It has been suggested that Brown Shrikes have replacement nesting by pairs whose first nest failed during the laying or incubation periods (Panov 1973, Imanishi personal communication were to try to have second nesting attempts, even the earliest clutch initiation pairs would have to start the second nesting attempt following the first breeding in the middle of July.
In the sympatric Bull-headed Shrikes, only pairs that could start breeding early in May had second attempts.
Clutch size
The range of clutch sizes of Brown Shrikes in South Ussuriland was from five to seven eggs, the mode was a six-egg clutch, and the replacement clutch size was a five-egg clutch (Panov 1973) . The range of clutch sizes in Nagano was from five to six eggs and the mode was a five-egg clutch (Haneda & Takahashi 1967) . The clutch size in this study site (range: four-six, mode: six-egg clutch) is osculant between South Ussuriland and Nagano.
Growth of nestlings
The range of adult body mass of Brown Shrikes during the breeding season was 27 .4-37.2g (Takagi 1996) . The asymptotic mass (27.1g) of nestlings only skimmed the lower limit of the range. On the other hand, the asymptotic length (24.9mm) of the tarsus was equal to the middle of the range of tarsus length (22.8-25.4mm) in Takagi (1996) .
Brown Shrike nestlings grow their tarsus more than enough during the nestling period.
Since flightless nestlings disperse from their nests on the day of fledging (Haneda & Takahashi 1968), the disparity of growth between the body mass and the tarsus may be related to the use of the feet for ambulation after fledging.
I used the logistic model to fit the original growth data for Bull-headed Shrikes published in Takagi (2001) and the related unpublished data. I obtained the data from 65 nestlings from 14 nests (a total of 514 nestlings) from the hatching day to 13 days after hatching.
In the analysis, the data from the nestlings that suffered severely from inclement weather were excluded (see Takagi 2001) . In the growth curve of body mass, the asymptotic value, growth rate, and age (days) at the inflection point were 33 .4, 0.4, and 6.2, respectively. The growth constants are almost equal for the two species. The range of body mass during the breeding season, excluding the pre-egg-laying and egg-laying periods, was 34-45.4g (e. g., Takagi 2002a) . The asymptotic mass of Bull-headed Shrikes was also verging on the lower limit of the range. In the growth curve of tarsus length, the asymptotic value, growth rate, and age (days) at the inflection point were 26.3, 0.3, and 4.3, respectively. Bull-headed Shrike nestlings also grow their tarsus more than enough during the nestling period as well as Brown Shrikes since the range of the mean tarsus length of Bull-headed Shrikes was 25.9-26.2mm (Takagi 1999) . In common with Brown Shrikes, flightless nestlings dispersed from their nests on their feet on the day of fledging.
The similarities between the two shrikes may be a feature of the growth patterns of shrikes.
